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This i1s going to be a TMD-free talk {almost)
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\Why transversity Is relevant?

 Fundamental property of the nucleon

» Can test validity of approaches to nonperturbative QCD (e.g. models, lattice
QCD calculations]

e Can be used to test detalls of perturbative QCD (factorization and evolution In
a gluon-free sector)

e Can be used to put limits on couplings beyond Standard Model (tensor

coupling]
see, e.g., Courtoy et al. 1503.06814
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The bottom line
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Two hadrons
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Dihadron fragmentation functions
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Interference Fragmentation Function

Collins, Heppelman, Ladinsky, NPB420 (94

<
HY  hin,(2,c080, My)

oes not vanish If integrated over transverse momentum

(the two hadrons must be distinguishable])
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Partial wave expansion

Bacchetta & Radici, PR. D67 (03) 094002
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Ry| H(z,cos0, M) ~ HZ. (2, M) sinf + HY (z, M) sinfcos0 + ...
1 1,sp L,pp
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Partial wave expansion

Bacchetta & Radici, PR. D67 (03) 094002

D1(z,cos0, My) =~ Di(z, My,) + D1 sp(2, Mp) cosf + ...
Rr| H{ (2,c080, M) ~ H', (2, M) sin@ + HT (2, My) sinfcosf + ...

iInvolved in recent
measured asymmetries

Caveat: dihadron fragmentation functions depend on three
variables and effects of experimental acceptance are complicated




TMD dihadron FFs

Bianconi, Boffi, Jakob, Radici, PRDG62 (00)
Boer, Jakob, Radici, P.R. D67 (03] 094003
Gliske, Bacchetta, Radici, Phys. Rev. D30 (14
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Determination of unpolarized DiFFs

Unpolarized cross section
ete” = (mtn) + X

do dma? 5
dzd My, N Q? Zeq D1z, Ma)

q

Data not yet available!

Need multiplicities for
efe” = (ntn”) + X
or e+p—=e +(rfn)+ X
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Determination of unpolarized DiFFs

Unpolarized cross section
ete” = (mtn) + X

do! 4rar? 5
dzdM;, — Q2 2 caDiz M)

q

Data not yet available!

Temporary solution: use output of event generators (PYTHIA]
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Results for unpolarized DiFF
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Results for unpolarized DiFF

Courtoy et al.,, P.R. D83 (12]) 114023
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Present limitations

* No unpolarized data

e Little sensitivity to gluon fragmentation function
Input D197™"(z, M) parametrized at initial scale Qo°= 1 GeV? then evolved
at Qo?= 100 GeV-?
Not so important for SIDIS, but can be very important for pp collisions

* Need of model assumptions
model-inspired fitting function (K°, w, p resonances + continuum]

charge conjugation + i1sospin
u=u d=d s=5 c=cC
u=d exceptfor KO — ntn-

* Region z< 0.2 excluded from fit

o Approach valid for Mh >> () see Zhou and Metz, PR.L. 106 (11) 172001 p
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Extraction of Interference FF

picture from BELLE

: : . A R R _
Auro (2, M2, 5, J12) — — 50 2) (5in ) {sin ) o € 11, Hig(2: M7) 571 Hitq(2, M)
, M, 2, (1 + cos? 6,) >, €2 Dy g(2, M?) Dy (2, M?)

Artru & Collins, Z.Ph. C69 (96) 277
Boer, Jakob, Radici, PR. D67 (03) 094003 2 /l



Extraction of Interference FF
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Vlost recent results

Radici et al., JHEP 1505 (15) 123
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Transversity extraction

Radici, Jakob, Bianconi, PR. D65 (02) 074031
Bacchetta & Radici, PR. D67 (03) 094002
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Transversity extraction

Radlici, Jakob, Bianconi, P.R. D65 (02) 074031
( 1 > Bacchetta & Radici, PR. D67 (03) 094002
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X-dependent expressions
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X-dependent expressions
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Choice of functional form

at starting scale Qo* =1 GeV~

zh$’ (z) = tanh [z (Aq + Byw + Cya® + Dyz®)] [xSBy(z) + 2 SBg(x)]
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satisfies Soffer Bound at any Q?
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Choice of functional form

at starting scale Qo* =1 GeV~

zh$’ (z) = tanh [z (Ay + Byw + Cy2° + Dyz®)] [xSBy(z) + 2 SBg(x)]
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Choice of functional form

at starting scale Qo* =1 GeV~

zh$ (z) = tanh [z (Ag + By + Cyz”® + Dyx’)| [2SB,(z) + 2 SBg(z)]
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Replica method
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Replica method
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Replica method
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Replica method
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Replica method
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Replica method

X hlllv(x)+x hcliv(x)

x?/d.of. || as(M%Z) =0.125 | as(MZ%) =0.139
rigid 1.42 1.46
flexible 1.65 1.71
extraflexible 1.97 2.07
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Results
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Extra flexible

If not otherwise stated, we usually quote the results of the flexible
scenario and &s=0.125




Results

~0.4l

0.01 0.03 0.1 0.3

X
x by
0.6
/,—’—\
0.4} e e
0.2} =
b ///
0.0 "
-0.2}
B 0.01 0.03 0.1 0.3
X

If not otherwise stated, we usually quote the results of the flexible

scenario and s=0.125

Flexible

0.2r

0.1}

0.0}

-0.1f

Extra flexible !

-

0.01

0.03




Replicas outside 68% band
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Comparison with other extractions
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x-3= coverage: helicity
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x-32 coverage: transversity
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x-32 coverage: transversity
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Data points: helicity

Sato, Melnitchouk, Kuhn, Ethier, Accardi, arXiv:1601.0/7/82
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Conclusions & Needs...

e Extraction of transversity from dihadron fragmentation function is feasible

* Complementary to single-hadron observables [products vs. convolutions,

collinear vs TMD factorization, DGLAP vs. TMD evolution, use in pp collisions]

* Important cross check of TMD approach
* Need of unpolarized data (e+e-, pp collisions, SIDIS)
* Need of data from high x (JLab) and low x (EIC]

* Need different hadron pairs [COMPASS]

* Need of polarized pp collisions (STAR] — see next talk
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